476                                THE METALLURGY OF GOLD.
working with the direct current, the particles of gold in the mud are equal to about one-tenth of the amount of gold deposited on the cathode. They .are not merely mechanically detached from the anode, but are due to the formation of aurous chloride at its surface, which subsequently decomposes into metallic gold and auric chloride. Thus—
3AuCl = 2Au + AuCl3 3HAuCl2 - 2Au + 2HC1 + HAuCl4.
In support of this view, Wohlwill has shown that the particles are much purer than the anode itself, that aurous chloride can be detected in the solution, and that under certain conditions minute crystals of gold separate •out in all parts of the solution.
A series of experiments, with varying anodic current densities, made by Wohlwill, show that the formation of monovalent gold ions diminishes as the current density increases. In experiments with very small current densities, the non-electrolytic dissolution of gold in the hot acid solution of HAuCl4 (with formation of HAuCl2) must be allowed for. The equation is as follows —
HAuCl4 + 2Au + 2HC1 - 3HAu012.
This appears to be reversible, a sheet of gold losing weight when the temperature is raised and gaining it when it is lowered again. After .allowing for this chemical attack, a current density of 1 ampere per square metre was found to correspond to a cathode deposit of 4-33 grammes and .an anode loss of 6*01 grammes per ampere-hour. It is evident in this case that 72-9 per cent, of the gold had dissolved in the aurous state, but that only 38*6 per cent, of the deposited gold was from solution in the aurous .state. This difference corresponds to a large amount of gold thrown down in the anode mud.
With 1,500 amperes per square metre, 248 grammes of gold per ampere-hour were deposited (as against 245 grammes, if pure HAuCl4 had been present), and in two experiments the losses and gains at the anode and cathode were nearly equal, thus :—
Loss at Anode.        Gain at Cathode.
(1)           .                                105-2                   104-5
(2)           ....        107-7                   105-0
Here, therefore, trivalent gold was present almost exclusively. Such results are obtained only when the liquid is well stirred.
The existence of AuCl4 ions in the solutions may be regarded as proved, one piece of evidence in support of this being the reddish-yellow unstable precipitates of AgAuCl4 which are formed on adding silver nitrate. The ions of HAuCl4 are H+ and AuCl4~. On electrolysis hydrogen is released at the cathode, but is not evolved. It displaces gold in the compounds HAuCl2 and HAuCl4, so that the gold is precipitated and hydrochloric acid formed. At the anode the ions AuCl2 and AuCl4 are released and the nascent chlorine formed by the decomposition of these ions combines with the gold at the anode. Owing to the cathode deposition and the migration of the ions containing gold away from the cathode, the impoverishment in gold of the electrolyte near the cathode is very rapid, and it is necessary to stir the solution. It is probable that practically no

